Altuntaş: A comparative study on the effects of different conventional, organic and bio-fertilizers on broccoli yield and quality - Abstract. In this study, we evaluated the effects of fertilizers of different origin on broccoli yield and some characteristics. For this purpose, 9 different fertilizers were used. The different fertilizers used in the study were; NT; Control (No Treatment), FM; Farm Manure (approximate 2-4% N) CF; Chemical Fertilizer (46% N, 46% P 2 O 5 , 51% K₂SO₄), HA; Humic Acid, AA; Amino Acid, HFA; Humic and Fulvic Acid, ALG; Microalgea, ART; Arthrobacter sp., BAS; Bacillus subtilis strain QST 713. During the vegetation period, the plant growth parameters were measured twice in the growth season. The first measurement was performed after 40 days of planting, while the second was done after 70 days. Two plants were harvested from each replication in order to determine the plant growth parameters of shoot fresh weight, root fresh weight, plant height, root length, shoot and root dry weight and the number of the leaves. At the end of the experiment, mineral contents of leaves, total yield and ascorbic acid contents of broccoli heads were determined. As a result, it was determined that some organic fertilizers and biofertilizers increased the yield, various plant growth parameters, nutrient uptake of broccoli and ascorbic acid contents of broccoli heads at a significant level.
Introduction
Many agricultural soil types lack at least one essential nutrient element that is necessary for plants. Soil degradation can occur due to acidity, alkalinity, salinity, anthropogenic processes and erosion. Maximum nutrient and yield are only possible by adding fertilizers to the soil in agriculture. In general terms, less efficiency counts for chemical fertilizers causing that only a small part of the fertilizer is used by plants ( Arisha and Bardisi, 1999) . In previous studies conducted on the efficiency of the fertilizers revealed that the efficiency was less than 50% in N, less than 10% in P, and around 40% for K in mineral fertilizers. These values are even lower in manure. When plants absorb the nutrients in an efficient manner, the costs of inputs are reduced and loss of nutrients is decreased in the ecosystem (Baligar et al., 2001) .
One way to optimize the efficiency of fertilizers is managing the fertilizers in an efficient manner, which means applying them at the right time, rate and place. This is true both for conventional and organic agriculture. Optimal crop productivity and optimal nutrient use efficiency must be in balance (Roberts, 2008) . Applying agricultural activities for the purpose of obtaining high yield and quality requires chemical fertilizers be applied in a frequent manner. This causes extra costs and environmental problems. The biogeochemical cycle is a complex system and is frequently influenced in a negative manner when chemical fertilizers are used too often to promote soil fertility and crop yield. For instance, applying fertilizers gives rise to leaching and nutrient runoff (especially P, and N). This has causes that there appeared an environmental degradation. Therefore, organic agriculture has attracted attention more in recent years (Esitken et al., 2005) .
When chemical fertilizers are not used in an efficient manner, one possible way to reduce negative effects is inoculation with Plant Growth Promoting Rhizobacteria (PGPR), which have useful effects on plant growth. For this reason, these bacteria may be used for agricultural activities as bio-fertilizers (Baligar et al., 2001) . Some bacteria species were tested, and it was concluded that they were useful for plant yield, growth and quality improvement. These bacteria can enhance yield of organic systems and help control pollution. Faster breakdown of organic substance, improved nutrient availability and soil characteristics are among the positive effects of biofertilizers. It is possible to explain these positive effects by metabolite release, which enhances growth. Although full mechanism has not been fully resolved, PGPR acts in the following mechanisms; producing plant growth hormones (like auxin, cytokinin, gibberellin); ethylene production inhibition; fixation of symbiotic N 2 ; inorganic phosphate solubilization; organic phosphate and/or other nutrients mineralization; acting as an antagonist to phytopathogenic microorganisms (by siderophores production); antibiotic, enzyme and fungi compound synthesis; and competition with detrimental microorganisms (Mellada et al., 2007) .
Broccoli (Brassica oleracea L. var. italica) is considered as a Brassicaceae family member. It is a wild form belonging to this family, and is spread in the Mediterranean region (Decoteau, 2000) Broccoli is an important vegetable because of its high nutritional as well as commercial value (Yoldas et al., 2008) . In general, more than necessary inorganic fertilizers are given to vegetables for the purpose of achieving higher yields and maximum growth value (Badr and Fekry, 1998; Arisha and Bardisi, 1999; Dauda et al., 2009) On the other hand, using inorganic fertilizers solely can lead to several problems for human health and the environment (Arisha and Bardisi, 1999) . For the purpose of improving soil structure (Dauda et al., 2009) , and microbial biomass an alternative to mineral fertilizers is organic manure (Naeem et al., 2006) . For this reason, using locally produced manure in agricultural activities might increase crop yield, and thus, less chemical fertilizers will be used. Nowadays, consumers prefer organic foods than ever because there is a widespread belief that organic foods are healthier and more environmental-friendly. However, an important drawback of organic agriculture is the fact that most organic fertilizers have low nutrient contents (Mengel and Kirkby, 1987) which mostly depends on the source and moisture content. Another problem is the difficulties to assess the value of organic fertilizers by using direct total quantity of plant nutrients analysis. For this reason, further studies are necessary to define the availability of the nutrient elements and the efficiency of many organic fertilizers. During the decomposition of organic materials, a slow and variable release of nutrients occurs. By increasing the mineral and organic fertilizer efficiency, it is possible to use biofertilizers to increase soil productivity and plant growth in sustainable agriculture activities (Arisha and Bardisi, 1999) . For this reason, the study was designed to examine the effects of organic fertilizers that have different contents on plant growth parameters, nutrient uptake, and yield of broccoli in comparison with mineral fertilizer application under field conditions.
Materials and methods

Plant material
Broccoli 'Marathon F1' (Brassica oleracea L. var. italica) plant (middle season variety was used as plant material in the present study.
Experimental design
The study was designed and applied in high plastic tunnels at Cukurova University, Karaisali Vocational School, Adana, which is located in the southern part of Turkey. The study was applied in 2011 and 2012 growth period. In the first year, broccoli was grown in the southern region in a limited time period, which is between September and February. In the second year of the study, the application was made in the same period. Table 1 shows some of the physical and chemical characteristics of the soil in the study area. According to soil analysis; phosphorus content is low, potassium, magnesium, calcium is high, zinc is medium, and other micro elements are sufficient. 
Plant growth parameters
Plant growth parameters were measured twice in the growth season; 1 st time: 40 days after planting (10 days after 1 st fertilizer application). 2 nd time: 70 days after planting (10 days after 2 nd fertilizer application). Two plants were harvested from each replication. The parameters like growth variables (fresh weight of the shoot, fresh weight of the root, height of the plant, length of the root, dry weight of the shoot, dry weight of the root, and the number of the leaves) were recorded. Roots and shoots were separated from the surface of the soil. Plant roots were cleaned of soil with water. For the purpose of determining the dry matter amount, shoots (including the leaves and the stem) and root samples were dried at 70 °C in an oven until the humidity was evaporated.
Physical properties and the yield of the broccoli heads
The broccoli that was not mature and marketable were harvested between December and February in both years. Heads with stems were cut into 15 cm pieces. The yield per decare was computed. To define the physical properties (for example, the weight of the head), 15 broccoli heads (per treatment -3 replicates of 5 heads) were measured. The heads were sampled from each application. The weight of the heads was computed as the mean value of 15 heads. In order to measure the head diameter, the widest part of the head was used.
Determination of mineral contents in leaves
For the purpose of determining the relation between the broccoli nutrient content and soil nutrient pools, the measurements were made when the heading process started (Jones, 1981; Mengel and Kirkby, 1987 leave samples were taken (five of the youngest leaves). These samples were then dried at oven at 70 °C for 48 h. After the drying process, they were weighed. Then they were placed in ash at 550 °C for nearly 10 h. The ash was dissolved in 3.3% HCL. Atomic Absorption Spectrometry was used to determine the K, Ca, Mg, Fe, Mn, Zn, Cu concentrations in the leaves. The nitrogen amount of the leaves was determined by using the Kjeldahl method.
Vitamin C analysis
The head samples were taken in the 4 th harvest to analyze the Vitamin C content. 5 g of broccoli head was homogenized with 50 ml meta-phosphoric acid (HPO 3 ) solution and then filtered to analyze Vitamin C. After this process, 10 ml filtrate was titrated by using 2.6 dichlorophenolindophenol solution to obtain a pale pink color. Vitamin C content was computed after 2.6 dichlorophenolindophenol solution was calibrated by using L-Ascorbic Acid (Uggla, 2004) .
Data analysis
The experiment was repeated in 2 years. For the purpose of analyzing the data, the IBM SPSS Statistics 20 Software was used. The mean values for each parameter were compared by a multiple comparison Duncan test to investigate the grouping (at P = 0.05). No significant interactions were detected by year. For this reason, the data were pooled.
Results and discussion
As a result of the study, it was determined that some organic fertilizers and biofertilizers increase the yield, various plant growth parameters, and nutrient intake of broccoli at a significant level. Humic substances, play a vital role in soil fertility and plant nutrition. Plants grown on soils which contain adequate humin, humic adds, and fulvic adds are less subject to stress, are healthier, produce higher yields; and the nutritional quality of harvested foods and feeds are superior. The value of humic substances in soil fertility and plant nutrition relates to the many functions these complex organic compounds perform as a part of the life cycle on earth. The life death cycle involves a recycling of the carbon containing structural components of plants and animals through the soil and air and back into the living plant. As a result humic acids function as important ion exchange and metal complexing (chelating) systems. Because of the relatively small size of fulvic acid molecules they can readily enter plant roots, stems, and leaves. As they enter these plant parts they carry trace minerals from plant surfaces into plant tissues. Fulvic acids are key ingredients of high quality foliar fertilizers. Plant grow is influenced indirectly and directly by humic substances. Positive correlations between the humus content of the soil, plant yields and product quality have been published in many different scientific journals (Petit, 2004) .
Root length, fresh and dry root weight
The results of these parameters are given in Tables 3 and 4 . When the root development parameters were analyzed, it was determined that the farm manure and organic fertilizers were more effective in the root length. In the first measurement date, in the root length rank, the Arthrobacter sp.(ART), which is one of the biofertilizers, came after HFA and AA, which are organic fertilizers, and after FM, which is a farm fertilizer ( Table 3 ). In the second measurement date, the longest root was measured in Arthrobacter sp. (ART) application, and HFA, FM, AA, BAS followed it respectively. When the fresh and dry weight of the roots were analyzed, it was determined that biofertilizers are more influential unlike the organic fertilizers in root length. It was determined that eave-formation is more intense and this is reflected to fresh and dry root weight ( Table 4 ). Especially the biofertilizers that include algae (ALG) and Bacillus subtilis (BAS) were determined to be the highest ones in terms of dry root weight in both measurement dates. Chemical fertilizer application (CF) and Control (NT) groups were left behind in root development.
It was determined that biofertilizer treatment improves the radical system in broccoli. Dry root weight and root length were detected to be increased at a significant level in the plants which received bio fertilizers (47% Arthrobacter sp. (ART), and 30% Bacillus subtilis (BAS), respectively) when compared with the Control Group (NT). Plant nutrient facilitation may be the mechanism with which biofertilizer improves the http://www. 
Fresh and dry weight of shoot
In terms of the fresh weight of the shoot, although the biofertilizer that included Bacillus subtilis (BAS) had the highest value in both measurement dates in terms of dry weight of the shoot, (AA), which was rich in amino acid content and organic N content among the organic fertilizers, was detected to be ahead of the biofertilizers in both measurement dates. (ALG) biofertilizer, which contained algae + macro and micro elements, followed this application (Tables 3 and 4) . The applications that had better root development rather than root length, and therefore higher root weights, affected the development of the shoot in a positive manner. In general, in both measurement dates, it was determined that the fresh and dry weight of the shoot was increased by biofertilizer applications. It is possible to claim that biofertilizers play active roles in the root development of the plants, and depending on this, in nutrient intake, and therefore, in the development of broccoli (Tables 3 and 4) .
Plant height and number of the leaves
When the results obtained about the plant height were analyzed, it was determined that organic fertilizers came to the forefront in the first measurement date AA, HFA, HA, respectively. Organic fertilizer applications were followed by chemical fertilizer application (CF) with algae + macro and micro element (ALG) and Bacillus subtiliscontaining (BAS) biofertilizers ( Table 3) . significant differences in the first measurement were closed. In the second measurement date, the lowest value in terms of plant height, which were close to each other, was measured in the control application ( Table 4) . No clear differences were detected in terms of the number of the leaves between the applications in the first measurement date. The highest number of leaves were determined in the organic fertilizer applications AA, HA, HFA, respectively. This was followed by the biofertilizer that had algae in it ALG (Table 3) . However, in the second measurement date, AA application surpassed the other applications at a significant level and was followed by microorganism applications ALG, ART, BAS, respectively ( Table 4) . 
The plant nutrient element content in the leaves
When the results on the plant nutrient element in the leaves were analyzed it was determined that AA, which was rich in terms of amino acid content and organic N content as an organic fertilizer; ALG, which included algae + micro and macro elements as a biofertilizer; and BAS, which included Bacillus subtilis ranked the first (Figs. 1 and  2) . In terms of macro elements, the highest nitrogen amount in the leaves was found in Arthrobacter sp. (ART) application, and the highest calcium amount was found in farm fertilizer (FM) application. AA application ranked the third in terms of Nitrogen amount, and ALG ranked the second in terms of calcium amount (Fig. 1) . It was determined that broccoli plant made use of organic fertilizers in AA application in the most efficient way, and biofertilizers helped nutrient intake. This affected the head quality and yield in broccoli in a direct manner. It was determined that the control application (NT) was in the lowest level in terms of nutrient element (Figs. 1 and 2) . Aside from the control application (NT), the lowest nutrient element contents were detected in farm fertilizer application (FM) in terms of N, Mg and Mn contents; the lowest K and Zn contents were determined in F8 application, the lowest Ca and Cu contents were determined in Chemical Fertilizer (CF) application; and the lowest Fe content was detected in HA application, which was rich in terms of humic acid (Figs. 1  and 2 Humic acid can influence mineral nutrient intake of plants in a positive way. For this, the permeability of the membranes must be increased in the root cells. Humic elements affect the plant growth in an indirect and direct manner. It was reported in previous studies that there is a positive correlation between the humus content and plant yield. Among the direct effects, there are the changes in plant metabolism after the intake of organic macromolecules (like humic acids and fulvic acids). After the compounds enter the cells of the plant, some biochemical changes happen in the membranes and in some cytoplasmic components of plant cells. Humic substances mediate the intake of major plant nutrients. The intake of major plant nutrients improves plant growth as a stimulative effect of humic substances; nitrogen (N) phosphorus (P), and potassium (K). If humic substances exist in the soil in sufficient amounts, the necessity for N, P, and K fertilizer applications decrease. The growth of plant roots is affected by humic substances. When the soil receives humic acid and/or fulvic acid, root initiation and increased root growth occur. In this way, humic and fulvic acids are considered as root simulators. The key role of PGPR may be described as plant hormone secreting activities. In previously conducted studies, it was reported that auxin-producing rhizobacteria affected root development and had a strong growth-promoting activity (Probanza et al., 1996) However, it was also reported that Bacillus OSU-142 is important on N2-fixation on sugar beet and barley, (Cakmakci et al. 
Broccoli head quality
It was determined in diameter and weight measurements of the heads of broccoli that biofertilizer applications gave better results ( Table 5 ). The best result in terms of head diameter was determined at a statistically significant level in BAS, which included Bacillus subtilis, and the best results in terms of head weight were received at a statistically significant level in ALG application, which included algae + macro and micro elements. Arthrobacter sp. (ART), which was another biofertilizer application, followed these. Biofertilizers were more effective than the organic fertilizers in terms of main head diameter and weight. As a result of Vitamin C analyses in the heads of broccoli, it was determined that both the biofertilizers and organic fertilizers were found to be different from the control application at a significant level, and the results were close to each other aside from the control application. In terms of head quality, typical changes were detected in our results in all treatments in broccoli ripening, in other words, the head diameter increased (Elkoca et al., 2008) Although different fertilizers were given, the plants in the study showed higher Ascorbic acid values. BAS treatment was found to have the highest Ascorbic acid content when compared with other treatments (Table 5) . Lai et al. (2008) indicated that yield (mean floret weight), total phenolic and flavonoid content in broccoli shows significant year on year variation, but is not significantly different in organic compared to conventional production systems. http 
Total yield
Together with the main and side-heads, in terms of yield values in biofertilizer applications, ALG application, which included algae + macro and micro elements, and BAS, which included Bacillus subtilis, were found to be different from all other applications at a statistically significant level. These applications were followed by Arthrobacter sp. (ART), and AA and HFA applications which were among organic fertilizer applications. It was determined that the yield in broccoli plants was higher in biofertilizers than in organic fertilizers, chemical fertilizers and control (Table 5; Figure  3 ). The yield and plant growth improvement effects of bacteria, which were used in the present study, may be explained with the N2-fixing and P-solubilizing capacity of bacteria. Positive influences of biofertilizers on yield and growth parameters (like apricot, tomatoes, sugar beet, and barley) are explained with N2-fixation ability, phosphate-solubilizing capacity, indole acetic acid, and antimicrobial substance production (Esitken et 
Conclusion
As a conclusion, biofertilizers gave better results in broccoli cultivation than organic fertilizers, farm fertilizers and chemical fertilizers under plastic tunnels. If the biological activity is high in the soil, the nutrient intake, plant growth, yield and head quality are also high. An increase at a rate of 50% was determined in the yield with biofertilizers when compared with the control (ALG 53%, BAS 52%, ART 49%), and 20% increase was determined when compared with chemical fertilizer (ALG 21%, BAS 20%, ART 14%).
An increase at a rate of 47-48% (AA, HFA) was determined in the yield with organic fertilizers when compared with the control application; and at a rate of 14-12% when compared with chemical fertilizers (AA, HFA).
In organic agriculture; plant nutrition and plant protection are two important issues. In this research, plant nutrition sources of broccoli cultivation, which is a vegetable with both health and commercial preservation, are emphasized. While farmland is a traditional organic resource, it has always been sought to find the desired amount and the efficiency and quality of other resources due to transportation difficulty. In future studies, the impact of new organic resources can be examined.
